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ABSTRACT 
The 1986-87 spawning biomass estimates of Pacific herring, Clupea 
harengus pallasi, in San Francisco Bay is 57,000 tons. This is 
the third consecutive year that the San Francisco Bay population 
has increased, and the population is at its highest level since 
the 1982-83 season, when 59,000 tons of herring spawned. 
Spawning-ground surveys in Tomales Bay yielded a spawning biomass 
estimate of 5800 tons. This is the fourth consecutive year that 
the Tomales Bay spawning biomass has been below the long-term 
average of 6700 tons. 
In San Francisco Bay, over 80% of the herring spawned in December 
and January. Spawning began later in Tomales Bafwhere 70% of the 
herring spawned in February. No spawns were found during March in 
either bay. 
Herring spawned throughout Tomales Bay. In San Francisco Bay, 
major spawning activity was limited to Belvedere, Tiburon, Angel 
Island, and the San Francisco waterfront. No herring spawns were 
found in Richardson Bay or the east bay shoreline. 
Quantitative samples of eelgrass were taken from 16 eelgrass beds 
in Tomales Bay for t e first time since 1976. Densities ranged 9 from 0.5 to 2.7 kg/m . 
uMarine Resources Administrative Report No. 87-12. 
L'Marine Resources Division, Marine Resources Laboratory, 
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INTRODUCTION 
In 1973, the California Department of Fish and Game began estimating 
the annual upawning biomass of Pacific herring, Clupea harengus pallasi, in 
Tomales and San Francisco Bays (Spratt 1981). Biomass is derived from 
estimates of eggs deposited during the season. Both bays are relatively 
rmall and well suited for intensive spawning-ground surveys. 
This report includes spawning biomass estimates for Tomales Bay and San 
Francisco Bay during the 1986-87 season, and it provides a continuous series 
of annual herring spawning biomass estimates from 1973-74 onward. These 
data provide the basis for managing the herring roe fishery. 
DESCRIPTION OF STUDY AREA 
Tomales Bay 
Tomales Bay lies in Marin County, a short distance north of San 
Francisco. It is 20 km (12.4 miles) long and averages'more than 1.5 km (0.9 
miles) wide. Hardwick (1973) determined that eelgrass, Zostera marina, was 
_t_ 
the predominant marine flora in the bay. The present distribution of 
eelgrass was determined in March 1987 (Figure 1). There are other species 
of marine flora in Tomales Bay, but eelgrass is the only one used to 
determine herring biomass. 
San Francisco Bay 
The portion of San Francisco Bay where daily (Mon. - Fri.) surveys are 
attempted includes all known intertidal and shallow subtidal spawning areas 
to a depth of 4.6 m (15 ft) bounded by the Golden Gate Bridge on the west, 
the Richmond Bridge on the north, Hunters Point on the south, and the east 
bay shoreline between Richmond and Oakland (Figure 2). Other areas of the 
bay were surveyed as needed. 
- 2 - 
Spawning in San Francisco Bay is both intertidal (partly exposed at low 
tide) and aubtidal (never exposed at low tide). Intertidal spawns are on 
the shoreline and cover all suitable substrate in the area, including bare 
rocks, sand, pier pilings, and marine flora. Subtidal spawns generally 
occur in areas of the bay shallower than 4.6 m (15 it) where vegetation beds 
such as eelgrass, Gracilaria sp., and - Ulva sp. are found, but may also 
occur in shallow rocky or hard bottom areas. Broad shallow mud flats with 
no vegetation are not utilized by herring as spawning areas. 
METHODS 
Tomales Bay Sampling Techniques 
This season's spawning-ground surveys were conducted from December 2, 
1986 to March 13, 1987. Every eelgrass bed (Figure 1) was sampled daily 
(Mon. - Pri.), as the weather permitted, from the project's 4.6- (15-ft) 
boat. I 
In the 1985-86 season, herring did not spawn extensively in eelgrass 
beds and spawn sampling techniques used previously were not applicable to 
the situations encountered. In fact, no large spawns were found during the 
season. As a result, the 1985-86 spawning biomass was estimated by cohort 
analysis (Spratt 1986). Spawning behavior returned to normal in the 1986-87 
season and spawn deposition was determined by the traditional method of 
dragging a vegetation sampler (rake) through the eelgrass beds at random 
locations. The area (mZ) of each spawn was also determined with the 
vegetation sampler. Processing of samples was unchanged from previous 
seasons (Spratt 1981). 
A significant improvement was made in the Tomales Bay biomass estimate 
this season. Quantitative samples of eelgrass were collected by S C W A  from 
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16 eelgrass beds in Tomales Bay. Each of the 16 beds was divided into 10 
equal areas, then 3 areas from each bed were randomly selected to be 
2 
sampled. A 1/4-10 quadrat of eelgrass was then removed and weighed (wet 
weight) to the nearest 0.1 kg. In addition, the following measurements were 
taken from all eelgrass beds in the Bay: (1) The length (m) of three 
eelgrass blades was measured above the substrate: (2) The width (mm) of 
three eelgrass blades was measured at a distance of 500 nm from the 
substrate: and (3) Percent bottom cover was estimated by acoustical 
transects through the random areas selected for sampling in each bed, using 
a Lowrance Model recording fathometer. 
Intertidal spawning has occurred in Tomales Bay in past seasons, but 
this season intertidal spawning was extensive and included in the biomass 
estimate for the first time. Spawn deposition was very light and egg 
density was determined visually by estimating the number of egg layers, 
rather than by quantitative sampling. When egg deposition is less than one 
layer, it is impractical and often impossible to remove the eggs. 
And finally, eelgrass beds were remeasured in the field during March 
with the bed boundaries determined acoustically. 
San Francisco Bay Sampling Techniques 
This season's spawning-ground surveys were conducted from November 17, 
1986 until March 6, 1987. The techniques used to sample both subtidal and 
intertidal spawns in San Francisco Bay were unchanged from the previous 
season (Spratt 1986). 
Preseason subtidal vegetation densities were determined by collecting 
quantitative samples with SCUBA from permanent stations In Richardson Bay, 
Belvedere Cove, Kiel Cove, Angel Island, and Brooks Island near Richmond. 
Biomass Computation 
In San Francisco Bay, the method used to convert the number of herring 
eggs spawned to tons of spawners incorporates sex ratio estimates for each 
spawning run (Reilly and Moore 1987). There is normally a gradual increase 
in the percentage of females In spawning runs as the season progresses. 
Fecundity of herring in San Francisco Bay does not change significantly 
from year to year (Reilly and Moore 1986). Fecundity is also not 
significantly different between Tomales Bay and San Francisco Bay. A 
fecundity of 226 eggs per gram was used in calculating this year's biomass 
estimates, and the factors used to convert from number of eggs to tons of 
herring changed during the season based on the sex ratio of each run in San 
Francisco Bay. 
RESULTS 
Tomales Bay I 
Three new eelgrass beds were discovered this season and there is now a 
total of 36 eelgrass beds utilized by herring in Tomales Bay (Figure 1). 
New bed measurements in March 1987 (Table 1) were limited to areas 
utilized by herring this season. There were measurable changes in the 
area of several beds since March 1986 (Spratt 1986). Bed no. 5 increased 
300% and beds no. lA, 6, 9, 12, 14, 25, 26, and 28 increased between 15% 
and 50% in area. Beds no. 2, 7, 8, and 27 decreased in area between 30% 
and 60%. The total area of all eelgrass beds combined increased 66,000 m" 
to 3,915,700 m2 (Table 1). The larger beds near Hog' Island were not 
remeasured. 
2 The density of eelgrass (kglm ) was assigned subjectively by on-sight 
visual inspections from 1977 through 1986 based on quantitative samples 
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' -collected in 1976 (Spratt 1981). On November 25, 1986 quantitative 
aamples of eelgrass were obtained by SCUBA from 16 of the eelgrass beds in 
2 Tomales Bay. Average densities ranged from 0.5 to 2.7 kg/m (Table 2). 
Blade measurements and percent bottom-cover transects were completed in 
early December. 
2 A linear relationship exists between eelgrass density (kg/m ) and a 
density factor (D) which is the product of eelgrass blade measurements and 
percent bottom cover (Table 2). The regression of D on kg/mz (Table 2) 
for the 16 beds sampled is y = 5.2131 (x) + -0015, r = -88. D was 
calculated for all eelgrass beds and this relationship was used to 
2 
estimate eelgrass density (kg/m ), when spawning occurred in beds not 
sampled by SCUBA. 
Herring spawning started on January 4, 1987. There were 53 individual 
spawn sites found, but only three large spawning runs occurred this 
season. On January 17-19, and February 12-13 and 24-28, a total of 4677 
tons of herring spawned, that accounted for 95% of this season's spawning 
escapement (Table 3). 
This season's spawning escapement estimate is 4931 tons. The spawning 
biomass, which includes the catch of pre-spawning herring, is nearly 5800 
tons (Table 4). 
San Francisco Bay 
Subtidal spawning areas of the bay were surveyed by divers on November 
4 and November 13, 1986, to estimate the density of vegetation. During 
the season our vegetation sampling device was used in other areas of the 
Bay with very little positive results. In Richardson Bay vegetation was 
found at only 1 of the 15 permanent sampling stations (Figure 3). The 
2 
average density of 0.008 kg/m probably under-estimates the actual density 
of vegetation in Richardson Bay, but the density remains well below the 
1981 density of 0.480 kg/mL (Spratt 1982). In Belvedere Cove no 
vegetation was found at the four permanent stations (Figure 3). However, 
during the season, spawn-laden vegetation was collected from a small area 
in Belvedere Cove and 1985 vegetation densities (Spratt 1986) were used to 
calculate spawn estimates. Densities near Tiburon (Figure 3) did not 
change. The density of the Gracilaria sp. and eelgrass bed on Angel 
Island near Point Stuart (Figure 3) decreased for the second year in a row 
2 to 0.15 kg/m . Eelgrass densities in Kiel Cove also decreased to 0.13 
2 kg/m . The only area where vegetation density increased was Brooks Island 
(Figure 4), but no spawning occurred there. No large subtidal spawns 
occurred this season, due to the low subtidal vegetation densities. 
The season's first spawn was found October 28, 1986 at Kiel Cove 
(Table 5) during hydro-acoustic surveys before spawning-ground surveys 
r 
were started (Reilly and Moore, pers. commun.). Usually Belvedere Pt. or 
Kiel Cove is the site of the first spawn each season. As many as 14 
spawning runs may have occurred this season, but 4 of them were 50 tons or 
less. 
Subtidal spawning accounted for less than 1% of the season's spawning 
escapement. The decline in subtidal spawning over the past five seasons 
is related to the decline in subtidal vegetation densities during that 
time. In the 1986-87 season subtidal spawning was found only in the 
northern portion of San Francisco Bay (Figure 5). 
There were six intertidal spawns along the San Francisco waterfront 
(Table 5, Figure 6), and over 70% of this season's spawning escapement 
occurred in this area. There were also major intertidal spawns at 
Belvedere, Tiburon, Angel Island, and in the South Bay from Hunters Point 
to Oyster Point (Figures 6 and 7). Spawning areas not utilized this 
season were Treasure Island and the east bay shoreline between Oakland and 
Richmond. 
Spawning escapement was estimated at almost 49,000 tons of herring. 
Including the catch of pre-spawning herring from the roe fishery, the 
epawning biomass for the 1986-87 season is 56,819 tons (Table 6). This 
represents the third consecutive year that the population has increased. 
Spawning By Area 1973 to 1987 
Spawning-ground surveys have been conducted in San Francisco Bay for 14 
seasons. During this time, there has been a major change in the 
distribution of herring spawning. In the 1970ts, Richardson Bay, 
Belvedere, Tiburon, and Sausalito were the major spawning areas. In the 
1980'8, the San Francisco waterfront has emerged as the most important 
spawning site. There has not been a major spawn in Richardson Bay since 
P 
1982 and the San Francisco waterfront area has overtaken Richardson Bay as 
the primary spawning area in the Bay (Table 7). Although Richardson Bay 
still ranks second, over the past five seasons the San Francisco 
waterfront area has accounted for 60% of all spawning escapement. This 
current trend is expected to continue unless the vegetation densities in 
Richardson Bay increase. Gracilaria sp. remains in Richardson Bay, but 
the cause of the decline in abundance is unknown. 
Spawning-ground surveys have been conducted in Tomales Bay from 1973-74 
to 1986-87, with the exception of the 1978-79 season. In the 1985-86 
season herring did not spawn in eelgrass beds as expected and 
spawning-ground surveys were inconclusive. The distribution of herring 
spawning in Tomales Bay over the 12 seasons surveyed has not changed 
significantly. The larger eelgrass beds near Hog Island (Figure 1) 
account for over 50% of epawning escapement (Table 8). but many of the 
smaller beds are spawned on more frequently. 
Confidence Limits 
In Tomales Bay the confidence limits of escapement estimates were 
calculated from variation in the density of egg deposits for each spawning 
run. Each run usually encompasses several small spawning sites and 
spawning escapement is the sum of the estimates for each site (Table 3). 
The confidence interval calculated for each site was unsatisfactory. 
Therefore, confidence intervals were calculated by combining the samples 
from all sites for each spawning run. This results in a higher estimate 
of spawn density and an estimate of total spawning escapement that is 8% 
higher than the original estimate (Table 4). Using this method the 95% 
confidence Interval for most of the larger spawns was about half of the 
escapement estimate (Table 9). The sampling plan called for a minimum of 
three samples from each spawning site. In the 1987-88 season the ainimum 
number of samples will be increased to five, in an egfort to improve the 
precision of results. 
Confidence limits of San Francisco Bay spawns were also calculated for 
each spawn individually from variation in the density of egg deposits. 
The six largest spawns this season (80% of total escapement) all had 95% 
confidence intervals less than 35% of the estimate (Table 10). Small 
spawns are often not sampled adequately, because more effort is spent 
sampling the obviously more important spawns. Furthermore, samples are 
much harder to collect when egg deposits are light or unevenly distributed 
as they often are in smaller spawns. 
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DISCUSSION 
Tomales Bay 
There have been two unusually low herring spawning escapement estimates 
over the past four seasons. It is believed that El Nino altered the 
migratory pattern of herring in 1983 and that herring did not return to 
Tomales Bay as expected, causing poor escapement (Spratt 1984). And in 
the 1985-86 season herring did not spawn in eelgrass beds, and spawning 
biomass was estimated by cohort analysis (Spratt 1986). Disregarding the 
1983-84 season, in which herring may have spawned elsewhere, the Tomales 
Bay herring population has averaged 6100 tons over the past three seasons. 
The population is in a declining trend and is currently in the low part of 
the abundance cycle. The 10-year average spawning biomass, excluding 
anomalous years of 1977-78, 1983-84, and 1985-86 is 6700 tons. 
In addition, the success of the 1984 yr class and the 1986 yr class is 
in doubt because of poor spawning escapement. '~lrese'~ear classes are not 
yet recruited into the fishery. Therefore, the Tomales Bay population may 
remain below the long-term average in the near future. 
San Francisco Bay 
Factors that are contributing to the decline of the Tomales Bay 
population are not affecting San Francisco Bay herring. The San Francisco 
Bay herring biomass has been increasing the past three seasons and is 
currently at its highest level since the 1982-83 season. 
Over the last eight seasons, since subtidal spawning was discovered, 
the San Francisco Bay herring spawning biomass estimate has averaged 
58,000 tons. The 1986-87 spawning biomass estimate of 57,000 tons 
indicates that the population has recovered from the effect of the 1982-84 
. . 
.. .. 
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El Nino. The San Francisco Bay population may continue rebuilding because 
recruitment of young herring has been good over the past four seasons 
(Spratt 1987). 
CONCLUSION 
The recent declining trend of abundance in Tomales Bay may continue due 
to low spawning escapement in the 1983-84 and 1985-86 seasons. Further 
controls on the herring fishery in Tomales Bay may be necessary if the 
biomass does not stabilize above 5000 tons. 
The current increase of the San Francisco Bay population is encouraging 
and continued population growth is probable. 
Tomales and San Francisco Bay herring populations are exhibiting 
opposite trends in abundance. This could be caused by movement of herring 
from Tomales Bay to San Francisco Bay, but it may also be further evidence 
0 
that the two Bays have distinct populations of herring. 
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TABLE 1. Tomales Bay Eelgrass Bed Measurements i n  March 1987, 
Area Area 
bed 2 bed 2 






















Total area 3,915,700 m 
TABLE 2. Calculation of Density Factor (Dl from Tomales Eav 
Eel grass Measurements and Wet Weight (St. dev. of 
Eelgrass Collected by SCUBA. 
* Unnumbered eelgrass bed near Marshall that has never been 
spawned on. 
TABLE 3. Tomales Bay Her r i ng  Spawn Data, 1986-87 Season. 
Conversion 
Ar5a Eggs Kg v W 2  Eggs Per M i l l i o n  f a c t o r  
Date ~ o c a t i o n *  m per  kg p e r  m m2 eggs x 10-6 Tons 
4 Jan 87 
5 Jan 87 
7 Jan 87 
8 Jan 87 
12 Jan 87 
17 Jan 87 
17 Jan 87 
19 Jan 87 
19 Jan 87 
19 Jan 87 
19 Jan 87 
19 Jan 87 
19 Jan 87 
19 Jan 87 
19 Jan 87 
19 Jan 87 
19 Jan 87 
19 Jan 87 
19 Jan 87 
19 Jan 87 
21 Jan 87 
21 Jan 87 
25 Jan 87 
5 Feb 87 
8 Feb 87 
12 Feb 87 
12 Feb 87 
12 Feb 87 
13 Feb 87 
13 Feb 87 
13 Feb 87 
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TABLE 4. Tomal es Bay Paci +i c Herring Biomass Estimates 1975-74 
Through 1986-87 seasons. 
Spawn estimate Catch Spawni ng biomass 
Season (tons) (tons) ( t o n s )  
1973-74 6,041 52 1 6.562 
1974-75 4,210 518 4,723 
1975-76 7,769 144 7,913 
1976-77 4,739 344 5,083 
1977-78 21,513 646 22,163 
1978-79 -- 448 -- 
1979-80 51,420 603 6,023 
1980-8 1 5,129 448 5,576 
* Biomass estimated by cohort anal p i s ,  a l l  other years biomass 
was estimated from spawning-ground surveys. 
TABLE 5. San Francisco Bay Herr ing Data, 1986-87 Season. 
Conversion 
Area No. eggs Kg veg. No.epgs M i l l i o n  f a c t o r  
Date Location m2 per kg. veg. per m per  m of eggs x 10-6 Tons 
28 Oct 86 
29-30 NOV 86 
7-8 Dec 86 
11 Dec 86 
17-19 Dec 86 
28 Dec 86 
28 Dec 86 
4-5 Jan 87 
5 Jan 87 
5 Jan 87 
5 Jan 87 
5-10 Jan 87 
G Jan 87 
I 1  Jan 87 
18-23 Jan 87 
31 Jan 87 
5 Feb 87 
20 Feb 37 
23-26 Feb 87 
23 Feb 87 
23 Feb 87 
K i e l  Cove 20,000 
San Francisco 30,000 
San Franci sco 124,000 
Sausaii t o  5,000 
San Francisco 364,000 
Candlestick Pt. 38,000 
Hunters Pt. 420,000 
Be1 vedere T i  buron 170,000 
K i e l  Cove 69,000 
Belvedere Cove 30,000 
Angel I s l and  20,000 
Angel I s l and  120,000 
Sausa 1 i t o  19,000 
Coyote P t .  10,000 
San Francisco 740,000 
San Francisco 19,000 
Sausal i t o  150 
Sausal i t o  2,000 
Be1 vedere T i  buron 150,000 
Belvedem COVE 30,000 
K ie l  Cove 67,000 
23-25 Feb 87 South Bay * 
--. 67,000 * 2,000 ;OOO 134 1000 .009 1,200 
Total 2,514,150 5,287,559 48,721 
TABLE 6. San Francisco Bay Pacific Herring biomass Estimates 
1973-74 Through 1986-87 Seasons. 
*Subtidal spawning areas were discovered in 1979. Biomass 
prior t o  1979 was probably underestimated. 
TABLE 7. Herring Spawning Escapement by 4rea f o r  San Francisco 
Bay 1973-74 t o  1986-87. 
Spawn i ng 
area 
Total Average % EIverage 
no. of of annual escapement 
spawns E r i  omass (tons) 
San Francisco area 
Richardson Bay 
Tiburon-Belvedere 
Sausal i t o  





Total 100.0 37,710 
TABLE 8. Herring Spawning Escapement by Area for  Tomales Bav, 
1973-74 Through 1986-87 Seasons. 
21 1,505 21.58 
22 1,415 20.25' 
23 1,004 14.40 
24 48 6.69 
25 269 2-86 
26 277 3.97 
27 29 0.42 
26 19 0.27 
25' < 1 -- 
In ter t ida l  33 0.47 
.............................................................. 
* Twelve years of data. 
TABLE 9. Confidence Limits of the Tomales Bay Herring 
Spawn Estimates During the 1986-87 Season. 
Spawn Standard error D. F. Estimated 95% 
date Location eggs per m N- 1 tons Conf. int. 
................................................................. 
25, 26, and 27 
1A, 2, 3, 4, 5, 
6, 7, 8, and 9 
Intertidal 
Intertidal 
25, 26, and 27 
14, 1, 3, and 23 
3, 5, and 6 
lET 2, and 25 
Intertidal 
l A T  2, 3, 6, 8, 





* Quantitative samples were not taken and confidence limits 
could not be calculated. 
T M L E  10. C o n f i d e n c e  L i m i t s  of t h e  San  F r a n c i s c o  Bay H e r r i n ~  
S ~ a w n  E s t i m a t e s  Dur ing  the 1986-87 Season .  
Spawn S t a n d a r d  error D. F. E s t i m a t e d  45% 
d a t e  L o c a t i  on e g g s  p e r  m N- 1  t o n s  Conf.  int. 
10/28  Kiel Cove - - 3 * 
11/29-30 San  F r a n c i s c o  295,000 4  4 0 C? - +240 
12/7-8 San F r a n c i s c o  425 ,000  4 2, 700 21 ?St5 
12/11 S a u s a l  i t o  2 ,790 ,000  L 3-0 +64C! 
- 
12/17-19 San  F r a n c i s c o  208,000 11  4  . 400 - +1  ,50r:! 
12 /28  H u n t e r s  P t  and  340 ,  (300 1 2  13 ,100  +3 - , 30i2 
C a n d l e s t i c k  P t .  
Be1 v. - T i  bu ron  
K i e l  Cove 
Be1 v e d e r e  Cove 
Angel I s l a n d  
Angel I s l a n d  
Saiisal i t o  
Coyo te  P t .  
San F r a n c i s c o  
San F r a n c i s c o  
San  F r a n c i s c o  
2/5 S a u s a l  i t o  
2/2C! S a u s a l  i to 
2/23-26 Be1 v. -Ti buron  
2/23 B e 1  v e d e r e  Cove 
2 / 2 3  Kief Cove 
2/23-3' L& S o u t h  Bay 
-------------------------- 
T o t a l  
* Q u a n t i t a t i v e  s a m p l e s  w e r e  n o t  t a k e n  and c o n f i d e n c e  l i m i t s  
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SCALE IN M E T E R S  
FIGURE 1. Tomales Bay w i t h  numbered e e l  grass beds. 
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SCALE IN M I L E S  
FIGURE 2. San Francisco Bay herring survey area. 
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0 STATION LOCATION 
FIGURE 4. Vegetatxon densities ( k g / m  at brooks I s l a n d ,  San 
Francisco Bay in the fall of 1986. 

4NTERTIDAL HERRING SPAWN 
A N  FRANCISCO BAY 
17-19 DEC86 
0 1 2  3 4 5  
SCALE IN MILES 
-FIGURE 6. I n t e r t i d a l  h e r r i n g  gpawnings and dates  o t  occurrence i n  
South San Francisco Bay dur ing  t h e  1986-83 seasan. 

